Physiological recovery from negative emotions may be important for effective selfregulation, but little is known about recovery processes in children. The current study investigated links between autonomic physiology, anger expressions, and emotion regulation in a sample of eighty-three 3.5-year-olds. Respiratory sinus arrhythmia and pre-ejection period were measured during an anger induction task as parasympathetic and sympathetic indices, respectively. We examined whether preschoolers' anger expressions and emotion regulation behaviors were associated with individual differences in physiology. Autonomic changes were more strongly linked with emotion regulation than with expressed anger. Verbalized regulatory strategies were linked with greater sympathetic reactivity and also with greater recovery. In contrast, attention diversion was associated with blunted patterns of sympathetic reactivity followed by increased sympathetic arousal in the recovery phase.
| INTRODUC TI ON
Anger is an important emotion that often helps young children attain their goals and desires (Dennis, Cole, Wiggins, Cohen, & Zalewski, 2009) , and yet the ability to appropriately regulate anger is a critical skill (Lemerise & Harper, 2010) . Even for preschoolers, the experience and regulation of anger represents a complex set of events.
For example, in response to anger we can observe, at least, the expression of emotion, attempts to regulate the emotion, and the concomitant physiological processes. How these components interact and relate in real time is not well understood. Specifically, it has been difficult to interpret instances where these components do not relate, as individual differences in children's anger expressions are sometimes dissociated from the degree of autonomic reactivity in response to anger (e.g., Fortunato, Dribin, Granger, & Buss, 2008; Quas, Hong, Alkon, & Boyce, 2000) . This may be due to children's ongoing efforts to regulate their emotions (Butler, Gross, & Barnard, 2014) , and indeed, there has been debate regarding how best to distinguish emotion regulation from emotions themselves (Cole, Martin, & Dennis, 2004; Thompson, 2011) . Little is known about how young children's regulatory strategies are related to autonomic physiology in the same moment. The current study examined preschoolers' anger expressions as well as their emotion regulation strategies, to examine whether emotion and regulation were independently related to physiological change.
Researchers have also called for several advances in the study of developmental affective psychophysiology (Dennis, Buss, & Hastings, 2012) , which may improve our ability to link behavior with physiology. Prior work has emphasized the overall magnitude of autonomic change in response to emotional challenges, but the rate and shape of change may also be meaningfully linked to behavior. The fluctuating nature of autonomic activity can be better captured with repeated measures and dynamic analysis techniques (Burt & Obradović, 2013) . Similarly, the relevance of autonomic responses to emotional events does not necessarily cease when the peak emotion or evoking stimulus has passed; the speed and degree of recovery also have implications for emotion regulation (Kahle, Miller, Lopez, & Hastings, 2016; Santucci et al., 2008) . Here, we investigated preschoolers' dynamic patterns of autonomic reactivity to and recovery from an anger induction. This study represents a novel attempt to document dynamic autonomic processes and how they may be linked with-or dissociated from-emotion expression and regulation. Using an integrated view of the development of selfregulation (Barrett, 2013; Obradovic, 2016; Thompson, Lewis, & Calkins, 2008) , we examined the sympathetic and parasympathetic systems, multiple aspects of emotion behaviors, and meaningfully distinct time periods of reactivity and recovery, to illustrate the complex nature of the regulation of anger in the preschool period.
| Links between preschoolers' emotion regulation and psychophysiology
Preschoolers use several behavioral strategies to cope with negative emotions. For example, children can reduce the intensity of exposure to a stimulus by looking away or otherwise diverting their attention (Dennis & Kelemen, 2009 ). Children also calm themselves by using a security object, soothing self-talk, or physical self-soothing such as finger sucking (Feldman, Dollberg, & Nadam, 2011; Grolnick, Bridges, & Connell, 1996) . By late preschool-age, children can begin to use more cognitive strategies, such as reframing or reappraisal (Cole, Dennis, Smith-Simon, & Cohen, 2009; Davis, Quiñones-Camacho, & Buss, 2016; Dennis & Kelemen, 2009 ).
Functional views of emotion suggest that these behavioral responses should be coupled with physiological changes that prepare the individual for actions associated with emotional events (Campos, Mumme, Kermoian, & Campos, 1994; Frijda, 1986) . Indeed, the activity of the autonomic nervous system is in constant flux as individuals encounter, respond to, and recover from ongoing events and experiences. For example, decreasing levels of parasympathetic nervous system activity tend to be associated with orienting, responding to challenge, and increased metabolic output (Porges, 2007) . Parasympathetic activity is frequently indexed by respiratory sinus arrhythmia (RSA), which is variability in the intervals between heart beats that occurs at the frequency of respiration (Berntson, Quigley, & Lozano, 2007) . RSA can be measured through electrocardiography (ECG), and higher values of RSA reflect greater levels of parasympathetic influence. High levels of sympathetic nervous system activity tend to be associated with physiological arousal, metabolic output, and fight or flight responding. Pre-ejection period (PEP) is a cardiac measure of sympathetic activity, which can be indexed using impedance cardiography. PEP is the duration of time elapsed (in milliseconds) between the depolarization of the left ventricle and the opening of the aorta . This aspect of cardiac contractility is primarily under sympathetic control, and shorter PEP reflects greater sympathetic influence. Thus, both the parasympathetic and sympathetic nervous systems are relevant for the experience and regulation of challenging events, such as an anger-evoking event.
In the developmental literature, few studies have examined moment-to-moment links between physiology and emotion regulation behaviors observed during the same event. Because emotion regulation can serve to intensify or decrease an emotional response (Gross & Thompson, 2007) , any accompanying physiological changes might be similarly diverse (Butler et al., 2014; Gross, 1998) . The maintenance of or increases in RSA have been associated with young children's spontaneous use of distraction or diverting attention (Perry, Calkins, Nelson, Leerkes, & Marcovitch, 2012) and with children's experimentally induced use of distraction or suppression (Davis et al., 2016; Musser, Galloway-Long, Frick, & Nigg, 2013) . Davis et al. (2016) found that instructions to reframe the situation also produced increases in RSA. However, different strategies may be associated with different patterns of RSA change. For example, in one study, 2-and 3-year-olds were given something desirable to play with, but the experimenter subsequently placed it in a sealed transparent box that the child was not able to open (Calkins, 1997 ). Children's greater focus on the experimenter was associated with greater decreases in RSA (parasympathetic withdrawal). Maintaining social contact with the experimenter may be an effective strategy because he or she was in a place of power to potentially change the circumstances (Calkins, 1997) . This regulatory effort may be supported by parasympathetic withdrawal. In contrast, children's greater focus on the box tended to be associated with less RSA decrease. Self-soothing during a delay of gratification procedure in the same study also tended to be associated with less RSA decrease. Given that RSA decreases can be indicative of orientation toward an evocative or challenging situation (Porges, 2007) , the relative maintenance of parasympathetic influence while focusing on the object of frustration or engaging in self-soothing may have been reflective of disengagement or feeling powerless to change the situation. While sympathetic activity has been examined in relation to young children's anger expressions (Buss, Goldsmith, & Davidson, 2005) , we are not aware of comparable studies between preschoolers' use of emotion regulation behaviors and their concurrent sympathetic reactivity to affective stimuli. These few studies suggest that different emotion regulation behaviors may be associated with specific autonomic states. Regulatory attempts that involve engagement strategies are more consistently related to children's positive adjustment compared to disengagement strategies (Lengua & Sandler, 1996; Valiente, Lemery-Chalfant, & Swanson, 2009) , and these behavioral efforts to engage with a challenge may require greater autonomic resources (Sheppes, Catran, & Meiran, 2009 ). In contrast, disengagement strategies tend to lessen the emotional intensity experienced, and this might be accompanied by decreased autonomic arousal. Considering specific regulatory behaviors versus global measures of regulation may clarify the degree to which autonomic reactivity and recovery are linked with these behaviors.
| Considering the psychophysiology of preschoolers' anger
In research with adults, anger is typically associated with decreases in RSA and shortening of PEP, reflecting decreased parasympathetic and increased sympathetic activity, respectively (Kreibig, 2010) .
Given that there is some evidence for links between individual differences in emotion regulation and autonomic activity, we might also expect that stronger emotion expressions would be associated with larger physiological reactions (Hubbard et al., 2004 ); yet there is little evidence for this relation. Several studies have shown that anger expressions in young children are not concurrently associated with individual differences in autonomic activity (Buss et al., 2005; Fortunato et al., 2008; Quas et al., 2000; Spinrad et al., 2009) .
One reason for this observed dissociation may be that as young children actively cope with emotional evocations, these regulatory strategies modulate their physiological responses, thus disrupting any tight coupling with emotion expression (Butler et al., 2014) . For example, if physiological resources are employed to engage emotion regulation behaviors that result in diminished expression of emotion, then physiological changes could be more strongly associated with the regulatory behaviors than with the expressed emotion. In order to investigate this proposition, both emotion expression and emotion regulation behaviors need to be measured and included in the same model in order to test for independent associations with physiology.
| Adding complexity: Dynamic change and recovery
Recent methodological advances in the measurement and modeling of physiological signals may also improve our ability to map autonomic changes onto behavior. Prior investigations of autonomic responses to challenge have relied on relatively static measures of arithmetic or residual change scores, resulting in a single value indexing overall change from one condition (e.g., at baseline) to another (e.g., during anger). These approaches implicitly cast autonomic states as constants within each condition, and therefore miss dynamic aspects of reactivity or change within periods. In response to ongoing demands, levels of parasympathetic and sympathetic activity are likely to fluctuate over the course of an anger experience.
Recently, a few developmental studies have used latent growth curve models to show that nonlinear patterns of RSA change best characterize responding across an emotional task (Brooker & Buss, 2010; Miller et al., 2013; Obradovic & Finch, 2016) .
Another aspect of dynamic autonomic change that is gaining attention is autonomic recovery from emotional challenges. We have argued that autonomic recovery may be important for emotion regulation, because prolonged autonomic arousal after a negatively evocative situation has ended could interfere with calm re-engagement with the social environment (Hastings, Kahle, & Han, 2014) .
Indeed, more rapid parasympathetic recovery has been specifically associated with better aspects of self-regulation, including better executive function abilities (Obradovic & Finch, 2016) and better behavioral strategies for coping with a later delay of gratification challenge (Santucci et al., 2008) . In a previous report on this same sample, we found that preschoolers' greater sympathetic recovery (lengthening PEP) following anger induction was associated with mothers' reports of better overall emotion regulation (Kahle et al., 2016) . It is not known whether dynamic cardiac autonomic recovery is linked in the moment with preschoolers' behavioral efforts to regulate emotion. Finally, the complexity of self-regulation processes can be viewed from a multifaceted perspective that recognizes the multiple components-biology, emotion, emotion regulation-as both distinct and overlapping, and certainly interrelated (Barrett, 2013; Cole et al., 2004; Lewis, 2005; Thompson et al., 2008) . This perspective allows us to consider two physiological systems, multiple phases of time and context, and several facets of behavior in an integrative way. We also take a functional approach that emphasizes the consideration of context in understanding the effectiveness or adaptiveness of emotion regulation (Barrett, 2013; Bonanno & Burton, 2013) as well as in our expectations for how behavior and physiology may be linked (Cole et al., 2004; Hastings et al., 2014) . For example, we expected that children would utilize emotion regulation behaviors differently during the anger induction versus during the recovery phase, given that one phase was meant to frustrate and provoke while the other phase was meant to repair and soothe. This means that the links between behaviors and physiology are likely inconsistent across these different conditions: diverting one's attention away from a stressful event might have different physiological correlates than diversion from a more positive event. Together, our organizing framework and expectations result in a conceptualization of anger regulation that is appropriately complex (Thompson, Virmani, Waters, Raikes, & Meyer, 2013 ).
| The current study
The current study aimed to describe the constellation of preschoolers' responses during a provocation of anger and in the recovery phase immediately following. We examined parasympathetic and sympathetic reactivity using an anger induction task involving preschoolers being repeatedly asked to draw a perfect circle. After 3 min, the experimenter praised the final circle and spent about 1 min positively reengaging the child. While the conditions of this recovery phase represent a naturalistic resolution to conflict, we expected that children would vary in their perceptions of both the provocation and the repair. Our primary interest was to observe individual differences in children's responses to these contexts. Our first goal was to characterize the pattern of physiological change.
We expected that RSA would decrease across the reactivity portion of the task (indicating parasympathetic withdrawal) and then increase in the recovery phase. The patterns of PEP change have been described previously (Kahle et al., 2016) , and we found that PEP significantly shortened across reactivity (indicating sympathetic arousal), but showed nonsignificant mean change during recovery.
Our second goal was to link patterns of physiological change with observed anger and emotion regulation behaviors in the task and recovery phases. Children may use multiple regulation strategies in any given situation, and thus, it is important to account for potential covariation among behaviors. Recognizing that we would be limited in the number of variables that we could include in a single model, we focused on three prevalent regulatory behaviors: (a) physical self-soothing behaviors, such as finger sucking; (b) attention diversion, such as fixating their gaze away from the stressor; and (c) regulatory verbalizations, such as reframing the goals of the task.
We expected that 3.5-year-old children's emotion regulation would be well characterized by these observable behaviors given that unobservable, cognitive self-regulation strategies do not become more common until after the preschool years (Davis, Levine, Lench, & Quas, 2010; Thompson & Goodman, 2010) .
We had several hypotheses. First, we expected that relations between children's anger expressions during the reactivity phase and concurrent physiology would be small or nonsignificant, as others have reported this dissociation (Quas et al., 2000) , but we explored whether anger in the recovery phase was similarly dissociated from behavior. Second, we expected that physiology would be more strongly associated with individual differences in emotion regulation behaviors than with expressed anger (Butler et al., 2014) .
Third, we hypothesized that strategies that reflect disengagement from the task (self-soothing, attention diversion) would be associated with reduced physiological arousal (higher RSA and longer PEP) more so than verbalizations. We tested our hypotheses using models that would reveal the presence or absence of these expected associations, while also allowing for alternative associations to emerge. This approach that is both hypothesis-driven and exploratory was important given the expected complexity of our guiding model of self-regulation.
| ME THODS

| Participants and procedure
Participants in this study were 83 children (46 girls) aged 3.5 years (M = 3.55 years, SD = 0.08) who visited the laboratory with their mothers. Families were recruited through birth records and preschools and were predominantly Caucasian (73%) and middle-to upper-middle income (21% less than $60,000 annual income, 27% $60,000-$90,000, and 52% above $90,000). Exclusionary criteria included physical and cognitive impairments that would preclude participation in procedures.
At the beginning of a laboratory visit that lasted approximately 2.5 hr, mother consent and child assent were obtained, and during this time, a female experimenter played with the child until the child was acclimated to the lab. Next, the experimenter introduced the child and mother to the ambulatory cardiac monitors. To increase children's comfort and acceptance of the physiology equipment, the experimenter used a story about astronauts or athletes to explain cardiac monitoring. If children were reluctant, they got to watch as their mothers put on an ambulatory monitor first. The examiner then attached an identical cardiac monitor to the child, which was worn for the rest of the visit. Mothers remained with their children for the first hour of the visit, as they completed several tasks together (see Miller, Kahle, Lopez, & Hastings, 2015) , then the mother and child were separated and the child completed several tasks with the experimenter, beginning with Impossibly Perfect Circles, an anger induction task adapted from the Laboratory Temperament Assessment Battery (Goldsmith & Rothbart, 1996) .
| Measures
| Anger induction
In the Impossibly Perfect Circles task, an experimenter sat next to the child at a low table. The experimenter asked the child to "draw the perfect green circle" with a green marker. After each attempt at a circle, the experimenter gave negative feedback (e.g., "That's not quite right.") in a neutral voice and asked the child to draw another one. At least three times during the task, experimenters repeated the instruction to draw "a perfect green circle." Children attempted circles for 3 min, at which point the experimenter ended the reactivity phase by praising their most recent circle as being really good.
Experimenters were instructed to end the task early by praising one of the existing circles if the child gave up prior to 3 min elapsing; seven children did so.
Immediately following the task, the experimenter encouraged the child to make their best circle into a smiley face or other picture, praised their circles, affirmed that, "circles can be hard to draw," and suggested showing the picture to their mothers later. This recovery phase lasted approximately 1 min.
| Expressed emotion
Trained coders assessed children's behaviors during both phases from video. Observed anger was coded on a scale from 1 to 4, ranging from "none" to "strong or persistent," respectively, for the duration of each phase (reactivity and recovery). Anger was coded as facial signs of anger and frustration (e.g., square-shaped mouth, showing teeth, furrowed brow); harsh, impatient, or callous vocal intonation; and aggressive, frustrated, or annoyed behaviors (e.g., slapping hand down on the paper; eye rolls). Interrater reliability for two coders on 20% of cases was α = 0.81.
| Emotion regulation behaviors
Trained coders assessed children's behaviors during both phases from video. Three types of emotion regulation behaviors were coded using a time-based frequency approach. For each 15-s epoch of the reactivity or recovery period, behaviors were counted as present or absent. Total epochs of present behaviors were summed. These scores were proportionalized by dividing by the duration of relevant phase (reactivity or recovery), and then multiplying these proportions by 100, a linear transformation applied to make the scale more comparable to observed anger. Self-soothing included physical behaviors such as repetitive arm stroking, sucking fingers, or repetitive touching of the lips or mouth. Attention diversion included behaviors such as fixating their gaze elsewhere in the room, playing, or scribbling. Verbalizations included statements that reflected regulatory attempts. These included statements regarding changing or reframing the goal or rules of the task, as well as celebratory statements or attempts to "focus on the positive" if they were deemed regulatory in nature. Interrater reliability between two coders on 20% of cases was attention diversion α = 0.93, self-soothing α = 0.94, and verbalizations α = 0.83.
| Cardiac data
Cardiac data were collected continuously using MindWare ambulatory monitors (MW 1000A) at a sampling rate of 500 Hz. Three adhesive electrodes collected ECG, with one electrode placed on the left clavicle, one electrode placed on the bottom-most right rib, and a ground electrode placed on the bottom-most left rib. The ECG electrodes were applied first. Then, four additional electrodes were applied to measure impedance: One at the top of the sternum and one over the xiphisternal junction and one, each, at 1 inch above and below these locations, respectively, on the child's back. The distance between the front two electrodes was recorded in centimeters and used in the calculation of cardiac impedance. Using MindWare Biolab, three continuous signals were acquired: electrocardiogram (ECG), impedance (Zo), and the first derivative of change in impedance (dz/dt).
ECG data were edited in MindWare HRV 3.0.20, and spectral analysis of the ECG data was used to compute RSA (Berntson et al., 1997) . We used a frequency band of 0.24-1.04 Hz to quantify RSA within the range of spontaneous respiration in young children (Huffman et al., 1998) . The dz/dt signal was used as an estimate of respiration and was included in the computation of RSA.
Impedance data were edited using MindWare IMP Version more rapid heart rates and respiration than older children, adolescents and adults, and hence briefer periods can be considered. Furthermore, there is considerable precedent for using 15 s epochs or less with children (Calkins & Dedmon, 2000; diPietro, Porges, & Uhly, 1992; Doussard-Roosevelt, Montgomery, & Porges, 2003; Huffman et al., 1998; Miller et al., 2013) . In this sample, epoch length was not significantly correlated with PEP or RSA values, or any observed behaviors.
| Analysis plan
There were 73 children with valid RSA data and 67 children with valid PEP data. Data were missing due to recording error, bad signal, or refusal to wear the electrodes. More children were missing PEP data because some children refused the extra four electrodes and because the impedance signal was more sensitive to recording problems. Two children were missing behavioral data for the perfect circles task due to video recording error. In addition, one child had three RSA values that were extreme outliers (> −3 SD below the mean). These scores were replaced by missing values so that they could be estimated by the model. However, winsorizing these scores to be less extreme did not produce different results. We used full information maximum likelihood estimation, which accounts for missing data by using the covariance matrix of all available data to estimate parameters (Kline, 2011) . This approach has been shown to be the most trustworthy in the presence of missing data (Widaman, 2006) .
Piecewise latent growth curve models were estimated in Mplus Version 7.3. These models estimated an intercept from the first epoch, a slope for reactivity, and a slope for recovery. These models differ from a simple change score approach in several ways. One is that the intercept reflects the period of initial activity during the task, not a resting level. Another difference is that slopes are interpreted as change per epoch, although in the case of linear models, simple multiplication (slope mean * number of epochs) yields an estimate of change from the beginning to the end of the period, which is similar in interpretation to a change score. Slope loadings for linear models were fixed at [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 9, 9, 9] for the reactivity slope and [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 2, 3] for the recovery slope (see Ram & Grimm, 2007) . The mean of RSA or PEP at each epoch was fixed at zero, and the residual variance was freely estimated. Latent factors were allowed to covary. Behavioral covariates were then added to each of the best fitting models for RSA and PEP. Covariates were mean-centered prior to analysis and each latent intercept and slope was regressed onto each observed behavior variable.
| RE SULTS
| Examining latent patterns of physiological change
| RSA
Raw means for physiology variables are presented in 
| PEP
Like the model for RSA, and as reported previously (Kahle et al., 2016) , a model containing a linear slope for reactivity and a lin- 
| Linking physiology with observed emotions and regulatory behavior
| Preliminary analyses
Descriptive statistics and correlations among coded behaviors are presented in Table 2 . Expressions of anger were significantly higher during the reactivity than recovery phase (t(80) = 9.01, p < 0.001) suggesting that the circles task effectively elicited negative emotion.
Children showed greater self-soothing during recovery than reactivity (t(80) = −2.23, p = 0.03) but the use of attention diversion and verbalizations did not differ between task segments (t(80) = −0.13, p = 0.89 and t(80) = −0.66, p = 0.51, respectively).
Within the reactivity and recovery phases, attention diversion was positively correlated with regulatory verbalizations. Across periods, attention diversion, and self-soothing showed rank-order stability. In addition, attention diversion during the reactivity phase was positively associated with verbalizations in recovery. Gender was not correlated with any variable (all |r| < 0.23, all p > 0.05).
In order to examine all of the observed behaviors simultaneously in the latent growth curve models, we first reduced the number of parameter estimates by fixing nonsignificant covariances among behaviors at zero. The covariance matrix among all eight variables was modeled in MPlus, indicating six covariances that were significant at p < 0.10 (which correspond to the same six correlations flagged in 
| RSA
The results of conditional models are presented in Table 3 . The model for RSA showed good fit (χ 2 (184) = 182.17, p = 0.52; RMSEA = 0.00, p = 0.97; CFI = 1.00). Only self-soothing was marginally associated with RSA intercept. Self-soothing behavior in recovery was associated with lower initial values of RSA.
| PEP
The 
| D ISCUSS I ON
Our first goal was to document the mean patterns of parasympathetic responding to anger in preschoolers, in addition to sympathetic patterns which we have already reported (Kahle et al., 2016) . We found that children showed the expected pattern of autonomic reactivity in both branches: RSA decreased and PEP shortened. These pat- In line with our second goal, we found that physiological patterns were associated with individual differences in children's behaviors in the moment. Specifically, children's emotion regulation strategies were associated with patterns of PEP reactivity and recovery, but these associations were different depending on the type of strategy.
Greater attention diversion during the provocation was associated with less PEP shortening across the reactivity phase. This suggests that, at least for young children, turning one's attention away from a stressful stimulus is effective for reducing concurrent sympathetic arousal. This is in line with other reports of children's distraction or diverting attention leading to reduced autonomic reactivity via increased parasympathetic activity (Davis et al., 2016; Perry et al., 2012) , but the present study is the first to link this behavior with children's sympathetic activity.
Importantly, attention diversion during the provocation also predicted the opposite pattern of PEP shortening in recovery. This was counter to the nonsignificant mean-level change during recovery which suggested that most children did not show further activation in this phase. This may mean that there is a "tradeoff" to this regulatory strategy. Attention diversion may be linked with attenuated autonomic arousal in the moment, which could explain why young children readily endorse distraction as an effective coping technique for anger (Dennis & Kelemen, 2009 ): children may physically feel better when using these approaches. However, refraining from engaging with this challenge may have had a delayed impact, such that some children showed the unexpected pattern of increasing sympathetic activation during a period of positive engagement. Thus, while disengagement strategies may be effective for relieving arousal in the short-term, this tradeoff may be partially why these strategies come to be considered less effective or optimal as children get older. Indeed, disengagement strategies are associated with more internalizing problems and lower social and academic competence (Compas, Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001 ).
On the other hand, verbal regulatory statements during the provocation were associated with a more dynamic pattern of PEP Indeed, in the current study, children's verbal statements included attempts to reframe the task or their performance, such as "It's not a good circle, but it's a good balloon!" When adults were told to reappraise an event in this way as the event unfolded (as opposed to at the outset), reappraisal led to increased sympathetic activation (Sheppes et al., 2009) , whereas instructions to self-distract did not. This experimental method more closely matches the way in which individuals must spontaneously use regulatory strategies in real life; when emotional events are unexpected, one cannot prepare a regulatory approach in advance. Using reappraisal or focusing on the positive during an emotional event may require effort, and this exertion could be supported by increased sympathetic activity (Sheppes et al., 2009 ).
Our findings are also in line with some work showing that greater reactivity to challenges is associated with better emotion regulation (Calkins, 1997; Calkins & Keane, 2004 ). In the current study, more sophisticated forms of emotion regulation were associated with greater reactivity but also greater recovery. This leads us to consider whether the adaptive nature of autonomic reactivity to challenges is partially attributable to concomitant recovery processes.
Further examination of different profiles of reactivity and recovery processes are needed to address this question.
It is important to keep in mind that children used multiple strategies and some of the behaviors were significantly correlated. For example, some children verbalized their attention diversion techniques, such as trying to change the subject by asking the experimenter an unrelated question. Accounting for such overlaps in behaviors, our aim was to examine independent effects of emotion regulation behaviors on physiology. We were not able to look at interaction effects or latent profiles to see how multiple jointly-used emotion regulation strategies were associated with physiology. Future work should examine, for example, whether cycling through a diverse repertoire of regulatory behaviors is associated with different physiological patterns than maintaining a single strategy.
As hypothesized, these attempts to regulate anger were more strongly linked with physiology than were expressions of anger.
Within the frustrating provocation, children both expressed more anger and showed sympathetic activation, relative to the recovery phase. However, like others, we did not find that the magnitude of physiological changes during the provocation was associated with the intensity of expression of anger (e.g., Quas et al., 2000) . In this sample, showing sympathetic activation during the provocation was normative, and it appears that context-appropriate physiological and expressive aspects of anger can co-occur without being closely linked (Hastings et al., 2009) . Conversely, we found a marginal association between sympathetic reactivity and recovery and displays of anger in the recovery phase. Less PEP shortening (less sympathetic activation) in the reactivity phase followed by stronger PEP shortening (more sympathetic activation) in the recovery phase tended to be associated with stronger anger expressions in recovery. Our interpretation is tentative given the trend level of these effects, but these associations suggest that it was the expression of the target emotion when it was no longer typical or appropriate (anger when the experimenter was praising the child) which was associated with physiology which was itself atypical to the context (activation when the challenge had ended). Emotion expressions that are poorly matched to context have been posited to be characteristic of emotion dysregulation (Cole & Hall, 2008; Davidson, Jackson, & Kalin, 2000 Miller, Seifer, & Heinze, 2015) . Future work could consider whether the expression of emotions in less appropriate contexts is a condition in which physiology is more closely linked with behavior.
In contrast to our expectations, RSA was generally unassociated with children's observed behaviors. The sympathetic nervous system has classically been associated with anger, as well as fear and other fight-or-flight responses (Fowles, 1988) . The frustrating nature of the perfect circles task may thus be more relevant to sympathetic responses, and our results suggest that specific modulations in children's sympathetic response to this task were linked with regulation.
In contrast, the only association with RSA that approached significance was with a behavior that, conceptually and physically, is more aligned with the calming and stilling effects of the parasympathetic nervous system-self-soothing. Children who showed high levels of self-soothing in recovery tended to have low starting values of RSA.
We cautiously interpret this trend association as fitting within the existing literature, which has consistently shown that low baseline RSA is associated with poor emotion regulation and risk for psychopathology (Beauchaine, 2015) . Children may have initiated this more rudimentary regulatory strategy as a response to the heightened physiological arousal stemming from lower parasympathetic influence.
| Limitations and future directions
This study has several limitations. We used a single behavior code for each expressed emotion and emotion regulation score for the entire duration of the reactivity period and the recovery period, even though the presence and intensity of expressed emotions and emotion regulation behaviors fluctuated across these periods. This was out of necessity, as the modeling of multiple streams of repeated measures data was not feasible in this sample size. Future examinations could look at smaller periods of time in order to capture bouts of regulation. It is possible that time series modeling of moment-tomoment changes in behavior and physiology might reveal stronger coherence between the two (Butler et al., 2014) . We also only examined visible forms of emotion regulation. The literature indicates that such visible aspects of emotion regulation are likely to be most common at 3.5 years (Thompson et al., 2013) , but if some children had begun to use hidden, cognitive strategies we would have missed this potentially important individual difference.
It is important to keep in mind that emotions are not only subject to regulation (Thompson, 2011) , but are themselves regulating processes, a perspective which was not considered here. For example, the behaviors that we coded as anger expressions could also be viewed as strategic anger venting (Calkins & Dedmon, 2000) . The current study was not designed to disentangle this particular issue, and should be examined in future work.
Some work has shown that the motor activity involved with seated activities and hand movements is not strongly associated with autonomic changes in young children , but less is known about whether this type of activity influences PEP specifically. It is possible that the motor activity involved in this task may have influenced physiology. Indeed, autonomic activity is determined and impacted by many potentially unmeasured factors (Bush, Alkon, Obradovic, Stamperdahl, & Boyce, 2011) , including cognitive processes and basic homeostatic functions. Thus, while the goal of this study was to examine links between autonomic change and several specific behaviors, the potential influence of unmeasured factors such as movement is unknown.
We cautiously interpreted two effects (anger and PEP; selfsoothing and RSA) that were only significant at a 90% confidence level. However, in the case of anger, the shape of the effect was consistent with others: low verbalizations, high attention diversion, and high anger in recovery were all associated with a pattern of blunted reactivity followed by autonomic arousal in the recovery period. Given that the observed associations were generally consistent with our hypotheses, and acknowledging the novel and exploratory nature of this work, we reported and interpreted these results, but these associations should be replicated in future work. Given our sample size, we were also limited in statistical power. Thus, these marginal associations-and potentially other nonsignificant associations-may be more detectable in larger samples.
As we have noted, the initial epoch of the reactivity phase does not represent resting or baseline conditions as it was recorded during the first portion of the perfect circles task. In addition, children and their mothers had recently separated prior to the perfect circles task. Thus, even though the children generally made this transition with ease, they may have potentially begun the perfect circles task with a higher level of arousal than if different conditions had preceded the task.
The perfect circles task is a structured task that is meant to be experienced as "real" by the children, and therefore, the time to administer the task varied. In order to still consider physiology in a dynamic way, we used a somewhat novel approach to the scaling of time. The benefit in the current study was a clear interpretation, in particular, of the reactivity slope as change across the provocation regardless of length. It also allowed us to model the slopes together in a piecewise approach since time was continuous. One key tradeoff is that children also varied in the length of the recovery period that was possible to model. We needed to keep epoch length consistent within children (so that changes in recovery would not be confounded with a change in epoch length), but this resulted in some children having a longer recovery period than others. We reasoned that this approach yielded the greatest benefits and fewest drawbacks among the options we considered, and yet, we acknowledge that there are likely different approaches to handling the data and analyses that may offer different benefits. As more research aims to incorporate psychophysiological measures during naturalistic observations, more creative and advanced methods for processing and analyzing the resulting data are needed.
The recovery phase in this study represented a positive social interaction, which may have itself modulated physiology beyond what would have been seen if the provocation had ended with a neutral or non-social period (Fredrickson & Levenson, 1998) . We judged that ending the provocation with an attempt to repair the positive interaction quality with the examiner would be the most naturalistic and least disruptive for 3.5-year-old children. In response to real world frustrations, children often must cope in the face of ongoing events. Some children may have found this shift in behavior strange or suspicious; other children may be more familiar with caregivers who exhibit such swings in behaviors. It was precisely these individual differences in interpretation-and subsequent behavior and physiological changes-that we were interested in. Unfortunately, we were not able to include moderators such as parenting style in order to examine potential sources of these individual differences.
This is an important question for future work. In general, given the dearth of examinations of autonomic recovery in children, more work is needed to determine the optimal contexts, or at least the contextual impacts, for this physiological measure. Much as scholars have called attention to the need for appropriate baseline measures (Linden, Earle, Gerin, & Christenfeld, 1997) , this study provides important information for future examinations of recovery.
This study was hypothesis driven, but was also exploratory in the sense that our models were complex and allowed for many possible associations. Thus, we are cautious in interpreting the directions of effect and the generalizability of these findings. Future studies with experimental manipulations of emotion regulation strategy will be important in confirming these associations.
Our sample consisted of typically developing children and was generally low in racial and ethnic diversity and moderately high in socioeconomic status. This study should be replicated in other samples, paying particular attention to contexts and characteristics that are known to relate to differences in self-regulation, such as poverty, child maltreatment and family stress, and child psychopathology.
| CON CLUS ION
In conclusion, we found that 3.5-year-olds showed decreasing parasympathetic influence and increasing sympathetic arousal across an anger induction. In a recovery period, children were well-characterized by continued, decreasing parasympathetic influence, but showed variable responses in their sympathetic activity: some children recovered and some did not. Young children who are still developing effective self-regulation skills may struggle to rapidly recover from anger.
However, individual differences in emotion regulation behaviors were associated with autonomic physiology. Disengaging from the task by diverting attention was associated with less sympathetic reactivity as well as a pattern of increasing sympathetic arousal in the recovery phase. In contrast, regulatory verbalizations were associated with greater sympathetic arousal in the reactivity phase but also greater recovery. More sophisticated verbal attempts to reframe the situation or focus on the positive may require greater autonomic during the challenge itself, but may also facilitate more rapid recovery.
Although links between emotion regulation behaviors and physiology were more robust than with emotion expressions, there was some evidence that these two constructs were independently associated with autonomic activity. Blunted sympathetic reactivity and more sympathetic arousal during recovery were marginally associated with greater anger expressed during the recovery period.
This suggests that anger expressed in the less expected context may be more strongly linked with individual differences in autonomic activity. Together, these findings show that the experience and regulation of anger in the preschool years is a complex orchestration of multiple behaviors and physiological systems that interact over time.
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N OTE S
1 Recognizing that children can show diverse emotional responses to any task, we probed whether these effects were specific to anger. We coded for positive affect and sadness, but there were no significant associations for positive affect and just one trend (p < 0.10) between greater sadness during the task and greater RSA decreases during the task. Because this association does not overlap with those observed for anger, we reasoned that anger was not being conflated for sadness or negative emotion more generally. Anger was also expressed significantly more than sadness during provocation (t(81) = 3.67, p < 0.001). We refrained from further discussion of the trend association with sadness because we did not hold a priori hypotheses about links with sadness.
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